Visualization of the bacterial polysaccharide capsule.
The highly hydrated capsule of E. coli strains is composed of a large number of polysaccharide fibers of which the thinnest measure about 2 nm in width. The fibers may span the entire distance from the outer membrane to the outer rim of the capsule and show a propensity to associate with each other to form thicker filaments. Presence of thick filaments may also indicate a partial collapse of the capsular organization due to removal of water. The in vivo capsule represents a relatively open structure with the negatively charged polysaccharide fibers permitting the binding of large quantities of water and ions, and providing intracellular space for diffusing molecules to access the envelope membranes even in conditions of high cell density. Negative charge and steric hindrance of the polysaccharide strands protect the cells against attack by a large variety of harmful macromolecules and against infection by most bacteriophages. Two types of procedure have been most successful in maintaining the size and overall structure of the capsule: (a) the interaction of cationic molecules with the in vivo capsule, and (b) the use of antibody to stabilize capsules for subsequent dehydration and plastic embedding. A further type of potentially useful procedure, cryofixation and cryosubstitution, has shown interesting results in a number of cases. These techniques are expected to play a significant role in structural studies in the near future. The sites of export of capsular antigen have been described in earlier conventional electron microscopic studies. Data obtained from the recent technique of "on-section" labeling support the model that both the capsular antigen and the O antigen are assembled at junctions of the inner and outer membrane. It is anticipated that one will be able to discern in greater ultrastructural detail the membranes at which the antigen is translocated. Novel membrane fixation and isolation techniques will have to be established and employed in a combination of sensitive microscopic techniques and immuno- and enzyme localization methods. These developments will make it possible to explore questions pertaining to the maintenance and structural organization of microbial capsules and the functional interaction of polysaccharides with natural surfaces, man-made substances and drugs.